Introduction
For magnetic thin film heads materials with low coercive force, Hc, large susceptibility and large saturation magnetization, Ms, are desired. The uniaxial anisotropy field, HK , should be a few Oersteds. Amor- 
Experimental
Amorphous CoZrNb films were prepared by r.f. sputtering in the presence of an inplane magnetic field.
Film thickness and composition were determined by Xray fluorescence analysis. The films have the composition C O O .~~Z~O .~I -~N~~ with 0.0 5 y < 0.11. The film thickness was between 20 and 500 nm. Halo diffraction patterns typical for amorphous materials were observed by X-ray and electron diffraction. Saturation magnetization, Ms, and coercive field, Hc, were measured with a vibrating sample magnetometer and a magneto-optical hysteresis loop tracer. The anisotropy field, HK, was determined from the field dependence of the transverse biased susceptibility. This method is based on the ripple theory [6] ; it has been described in detail in previous papers [7, 81 . One also obtains the structure constant, S, which is a measure of inhomogeneous local anisotropies. Lorentz microscopy was used to observe domain walls and the magnetization ripple. The domain structure of the films was determined by using a Kerr microscope. The values of the coercive field, Hc, of CoZrNb films vary between 0.1 and 0.2 Oe and are therefore slightly smaller than in CoZr films (0.1-0.3 Oe 17, 81).
The structure constant, S, of CoZrNb films (S = 0.6 -1.9 x erg/cm2) in general is smaller than in CoZr films (S = 1.5 -2.2 x erg/cm2 [8] ). This is attributed to the reduced magnetostriction [4] in these alloys. No ripple structure could be detected in films with S 5 1 x erg/cm2 thus confirming the conclusion that these films are very close to the ideal case of homogeneous magnetization. hard axis. Previously they had been "stabilized" by field annealing with the magnetization along the easy axis at the same temperature for 39 hours. The initial anneal reduced the structure constant, S, by 20 % -30 % . Figure 3 shows typical annealing isotherms for a CoZrNb film.
-a slower reversible process with an activation energy of 0.1 eV. Thls process contributes 70-75 % to the total anisotropy.
The values for the activation energy in CoZrNb films are comparable t o those found in CoZr [8] and are considerably smaller than those reported by Maehata et al. [3] (1-2 eV). This fact and the smaller values of Hx indicate a different microstructure in their samples.
3.3 FILMS WITH LOW UNIAXIAL ANISOTROPY. -When the anisotropy field decreased below 3 Oe during isothermal hard axis annealing we found that further annealing did not only decrease HK but also rotate the original easy axis. Observing these films in a Kerr microscope we found that there are four stable directions of the magnetization in specific applied fields. This indicates a complex superposition of anisotropies with different origins.
Conclusions
Amorphous CoZrNb films show very small ripple effects and therefore approach the ideal uniaxial film. The uniaxial anisotropy can be decreased by isothermal hard axis annealing. The calculated activation energies are very low and indicate an atomic difhsion along the surface of the free volume of the amorphous films. After this hard axis anneal the films were again annealed with the magnetization saturated along the original easy axis. The &l anisotropy field was lower than the initial value before annealing.
From the annealing isotherms we can deduce the relaxation times of several relaxation processes and their relative contributions to the total anisotropy [8] .
We find three different processes of atomic reorientation of the uniaxial anisotropy:
-an irreversible process with very small relaxation time (T < 10 min), which contributes about 10 % to the total anisotropy; -a fast reversible process with an activation energy of 0.2 eV. This process amounts to about 15-20 % to the total anisotropy; 111 Yamada, K., Maruyama, T., Tanaka, H., Kaneko,
